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Protocol Title: 
Feru-guard (ferulic acid and Angelica archangelica extract) for behavioral symptoms in 
dementia 
  
Principal Investigators: Lynne Shinto, ND, MPH; Sarah Goodlin, MD 
 
A. SPECIFIC AIMS:                                                                                                                                                              
Primary aims and Hypothesis                                                                                                             
Dementia is a progressive neurodegenerative disease characterized by cognitive 
decline, with multiple possible etiologies. Some of the most common types of dementia 
include Alzheimer's disease (AD), vascular, and mixed.  A common feature of dementia 
is the presence of behavioral and psychological symptoms, which can include agitation, 
anxiety, apathy, delusions, depression, irritability, hallucinations, and motor disturbance. 
Behavioral and psychological symptoms of dementia (BPSD) are associated with more 
rapid cognitive decline and impairment in daily activities [1, 2], diminished quality of life 
for the patients and caregivers [3-5], and lead to institutionalization [6, 7].  Identifying 
therapies that can ameliorate behavioral disturbances in dementia would have a direct 
benefit by improving the quality of life of patients and their caregivers.  Glovia, Co. Ltd. 
has produced a proprietary dietary supplement containing ferulic acid and Angelica 
archangelica called Feru-guard 100M (Feru-guard). Feru-guard is a dietary supplement 
sold through health clinics and directly from Glovia, Co. Ltd., based on a doctor’s 
recommendation in Japan. A study that evaluated ferulic acid in an AD mouse model 
showed behavioral and memory improvements after 6 months of oral treatment [8].  In 
an open-label study, participants with Lewy body and frontotemporal dementia showed 
improvement in BPSD after 4-weeks of oral Feru-guard supplementation [9]. The 
primary aim in this pilot study is to evaluate the safety and effectiveness of Feru-guard 
supplementation in decreasing BPSD in people with Alzheimer’s disease, vascular and 
mixed dementias over 12 weeks. Secondary aims will evaluate if Feru-guard given to 
participants will decrease caregiver burden and increase caregiver quality of life.  
 

Primary Aim 1.) Determine if Feru-guard (ferulic acid and Angelica archangelica) 
will improve behavioral and psychological symptoms of dementia.                                                                                                                                                
We hypothesize that a 12-week supplementation of Feru-guard will improve behavioral 
and psychological symptoms in people with dementia.      
                                                                    
The primary outcome measure will be a change in the total score on the 
Neuropsychiatric Inventory Questionnaire (NPI-Q) over 12-weeks. We expect the group 
receiving Feru-guard will have a greater improvement in total NPI score compared to 
the placebo group at 12-weeks. 
 
Secondary Aim 2.) Measure the effect Feru-guard supplementation has on 
caregiver burden and quality of life, and global cognition in participants.                                                                                                                                 
We will collect data on the effect of Feru-guard supplementation on caregiver burden 
(NPI-Q subscale of caregiver distress), the Zarit Burden Interview (ZBI) screening 
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version, and caregiver quality of life (SF-12) over 12 weeks. We will also collect data on 
changes in global cognition of participants over 12 weeks using the Montreal Cognitive 
Assessment (MoCA). We will compare secondary outcomes between Feru-guard and 
control group.  
 
The data generated in this pilot study will be used to aid in the design of a larger clinical 
trial that can more definitively assess the effects of Feru-guard for BPSD in dementia. 
 
B. BACKGROUND:                                                                                                                                                        
B.1. Behavioral and Psychological Symptoms of Dementia (BPSD)                                 
It is estimated that in 2050, 135 million people will suffer from dementia worldwide [10] 
and BPSD will affect up to 90% of patients [11].  BPSD is a constellation of symptoms 
that include disturbed behavior and mood (e.g. aggression, agitation, sleep problems, 
apathy, wandering) that are distressing for people with dementia and their caregivers.  
BPSD is associated with a more rapid progression of illness that affects cognition and 
activities of daily living that subsequently leads to an increase rate of institutionalization 
for patients [12, 13]. In addition, it is a major contributor to caregiver, societal, and 
economic burden, which carries treatment challenges for health providers and families 
[14]. Current therapies include non-pharmacologic (e.g. music therapy, exercise) and 
pharmacologic therapies [2, 14].  In a review of non-pharmacologic therapies for BPSD 
that included exercise, music therapy, light therapy, aroma therapy, cognitive 
rehabilitation, and a combination of exercise, art and music therapy, many of these 
therapies showed some benefit [2, 14]. The authors’ report that the main limitation to 
studies reviewed was design heterogeneity (including non-randomized and randomized 
studies) and the majority with participants in nursing homes and facilitated care rather 
than community dwellers [2, 14]. Pharmacologic therapies for BPSD include 
antipsychotics for agitation/aggression and antidepressants for depression and anxiety 
[2, 15, 16]. Some recent evidence suggests higher mortality in demented patients with 
long-term antipsychotic drug use [16-18].  Given the negative impact BPSD has on 
patients and caregivers, and recent evidence that pharmacologic mood stabilizers 
produce undesirable side effects including mortality in fragile patients, identifying safe 
and effective non-pharmacologic therapies is highly warranted.  
 
B.2. Ferulic Acid and Antioxidant Properties                                                                                                                                              
Ferulic acid (FA) is a naturally occurring phenolic phytochemical found in fruits, 
vegetables, cereals, coffee, and some non-edible plants, with concentrations highest in 
cereal grains, reaching up to 2 gram/kilogram of dry weight in grains [19, 20].  
Chemically, FA belongs to a broad class of phenolic compounds that are hydroxy 
derivatives of cinnamic acid [Figure 1. Chemical Structure: Hydroxycinnamic Acids] [19, 
20].  Ferulic acid is a natural antioxidant and acts as a potent free-radical scavenger, 
the carboxylic acid groups can act as a lipid anchor protecting neuronal membrane fatty 
acids from lipid peroxidation [21-23]. Due to its antioxidant properties, FA has been 
used therapeutically for a wide range of chronic conditions that include, diabetes, 
cancer, aging, cardiovascular health, and has the potential for neuroprotective benefits 
[23, 24]. In addition, FA possess anti-inflammatory properties secondary to its ability to 
act as an anti-oxidant by mediating prostaglandin E2 and tumor necrosis factor-alpha 



Page 3 of 27 
 

(TNF-α) and iNOS expression and function [25]. In vitro and animals models evaluating 
FA and its metabolites vanillic and caffeic acids, are reported to exhibit anti-amyloid and 
protection against glutamate-induced cell death [26-28]. 
 
Figure 1. Chemical Structure: Hydroxycinnamic acids 

 
B.2.1. Ferulic acid and anti-aggregation properties: Amyloid and Tau                                                                                                   
Amyloid beta-peptide (Aβ) plaques are a central feature of the pathophysiology of 
Alzheimer’s disease and in up to 38% of brains in frontotemporal dementia (FTD) [29, 
30].  In a similar manner, tau protein aggregates also known are pathologic contributors 
in both AD and FTD [31].  Phenolic compounds, including FA have been shown to 
inhibit the formation, elongation, and stabilization of β-sheet structures like Aβ [32-33] 
and tau aggregates [34].  
 
B.2.2. Ferulic Acid safety                                                                                                                         
Ferulic acid in Feru-guard is extracted from rice bran. It is naturally occurring in rice, 
wheat, oats, pineapple, grasses, grains, vegetables, flowers, fruits, leaves, beans, 
coffee beans, artichoke, peanut and nuts. In its extracted form, it can be found in 
cosmetics, sunscreens, food preservatives and a variety of therapeutic agents where 
strong antioxidants are beneficial. Ferulic acid has a low toxicity and is easily tolerated 
by humans [35]. 
 
B.3. Acetylcholinesterase and dementia                                                                                                  
Acetylcholine is a neurotransmitter with a diverse set of roles within the central nervous 
system including involvement with brain plasticity, alertness, learning, memory, and 
apoptosis. Acetylcholinesterase is an enzyme that breaks down acetylcholine. In 
Alzheimer's patients, there is a progressive decline in the neurotransmission of 
acetylcholine, which contributes to the deterioration in cognitive function [36]. In addition 
to removing acetylcholine, acetylcholinesterase is linked to Aβ plaques by promoting its 
aggregation [37, 38]. The Aβ plaques, specifically soluble Aβ oligomers (AβOs), are 
toxic and induce oxidative stress to the surrounding brain tissue and cells. The 
presence of AβOs have been negatively correlated with cholinergic receptors, 
suggesting that AβOs induce impairment of cholinergic neurotransmission in 
Alzheimer's pathogenesis [39]. 
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B.4. Angelica archangelica                                                                                                                  
Angelica archangelica is a biennial plant of the apiaceae family. Traditionally, Angelica 
archangelica has been used as an herbal remedy for anemia, flatulence, and to improve 
digestion.  
 
B.4.1. Angelica archangelica and acetylcholinesterase                                   
Acetylcholinesterase has been a target for the improvement of memory and cognition in 
dementia. Angelica archangelica contains the chemical imperatorin, which is known to 
inhibit acetylcholinesterase [40]. Oral administration of Angelica archangelica extracts 
that concentrate imperatorin levels, have demonstrated an ability to inhibit 
acetylcholinesterase and improve performance on memory tests in mice [41]. 
Interestingly imperatorin has also shown an ability to reduce oxidative stress in the 
hippocampus and cortex of mice [42]. Evidence from animal models gives a reasonable 
rationale for combining Angelica archangelica with ferulic acid in Feru-guard as a 
dietary supplement targeted to benefit older people with dementia.  
 
B.4.2. Angelica archangelica safety                                                                                                          
There is little published clinical trial data reporting on the safety of Angelica 
archangelica.  We have included published and unpublished safety data supplied by 
Glovia, Co. Ltd., on Angelica archangelica as a component of Feru-guard at daily dose 
of 40.04 mg (see Section C1). There is one published double-blind, placebo controlled 
study by Sigurdsson et al. that evaluated Angelica archangelica in the product SagaPro 
for nocturia in men 45 years and older [43].  In this study, men (n=69) with nocturia were 
given a daily dose of 100 mg Angelica archangelica extract in SagaPro, for 8 weeks; 
there was no difference between the SagaPro and placebo groups in measure of 
nocturia. There were no SAE reported in either group and the AE possibly related to 
SagaPro was constipation [43].  
 
B.5. Study Supplement - Feru-guard             
Feru-guard is a dietary supplement commercially available in Japan in the form of a 1.5 
g instant powder packet that is sold in health clinics and directly by Glovia Co. Ltd to 
patients on doctor’s recommendation. The current study will use Feru-guard in the form 
of a 280 mg hard gel capsule that contains the same amount of the active ingredients 
(ferulic acid and Angelica archangelica) as the 1.5 g packets. Published and 
unpublished studies conducted in Japan have evaluated Feru-guard at 3.0 gram/day 
(two 1.5 gram packets).  Table 1 shows the composition of the study supplement. Feru-
guard capsules contains the following active compounds: ferulic acid and Angelica 
archangelica. Feru-guard also contains the inactive ingredient of ascorbic acid, d-α-
tocopherol preparation, starch, calcium stearate, silicon dioxide (fine), and tricalcium 
phosphate.  
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Table 1. Feru-guard composition per one 280 mg capsule 

Ingredients mg % 

Ferulic Acid (Free Body) 80.08 28.6 

Ferulic Acid (Cyclodextrin Clathrate) 100.24 35.8 

Angelica Extract 20.02 7.15 

Ascorbic acid 27.02 9.65 

d-α-Tocopherol Preparation 5.012 1.79 

Starch 28.028 10.01 

Calcium Stearate 8.4 3.0 

Silicon Dioxide (fine) 4.2 1.5 

Tricalcium Phosphate 1.40 0.5 

Food Flavor (Vanilla) 5.60 2.0 

Total 280.0 100 

 

B.5.1. Source of Product                                                                                                                                    
Feru-guard will be supplied by Glovia, Co. Ltd., in Tokyo, Japan. This company follows 
the Ministry of Agriculture, Forestry and Fisheries of Japan guidelines for manufacturing 
procedures and verifies product quality and label claim by in-house and outside 
laboratory analysis.  
 
Glovia, Co. Ltd., is applying for an IND for the proposed use of Feru-guard in dementia 
for BPSD prior to the study start date. 
 
B.5.2. Rationale for product form and dose                                                                                                         
The daily dose of Feru-guard in the proposed study will be 2 capsules a day, the same 
dose as in previously published studies with Japanese elders with MCI or dementia. 
Two 280 mg capsules are equivalent to a daily dose of 3 g of Feru-guard powder 
containing 360.2 mg of ferulic acid and 40.04 mg of Angelica archangelica [9, 44, 45].  
 
In order to conduct a double-blind, placebo-controlled trial, Feru-guard is contained in 
opaque, hard gel capsules which allows for better matching of characteristics and 
improved blinding than studies using powder. The active study drug will be matched to 
the placebo in terms of appearance, smell, and taste.        
 
B.5.3. Safety data                                                                                                                                             
Clinical trials using Feru-guard supplementation (see Table 2) in Section C1. 
 
C. Approach, Preliminary Studies                                                                                
C.1. Summary of safety data on Feru-guard from published and unpublished data 
(unpublished data is confidential) – Table 2 
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Table 2. Summary of Adverse Events related to drop out from published and unpublished studies 
supplied by Glovia, Co. Ltd. 

Year 2011 2014 2010-2013 2014-
2017 

2015-
2016 

2014-2016 

PI  Dr. 
Kimura 

Dr. 
Kimura 

Dr. 
Yamaguchi 

Dr. 
Yamaguc

hi 

Dr. 
Yoshida 

Dr. 
Yamamoto 

Published  Yes Yes No No No No 

Number of participants  20 28 64 90 22 20 

Design and Treatment 
Duration 

 
Open 
Label 

4weeks 

 
Open 
Label 

96 weeks 

 
Open Label 
Cross Over 
12 month 
(6 month 

cross over) 

 
Double-
Blind, 

Placebo 
controlled 
24 months 

 
Double-

blind, 
placebo-
controlled 
48 weeks 

 
Open Label 
24 months 

Participant population* FTLD1, 
DLB2 

MCI3 AD4, DLB2 MCI3 MCI3 MCI3 

Number of dropouts 0 10 14 11 2 0 

AE reported  
0 

 
0 

 
14 

 
11 

 
2 

 
0 

1 FTLD = Frontotemporal dementia 
2 DLB = Lewy body dementia 
3 MCI = Mild Cognitive Impairment 
4 AD = Alzheimer’s disease 
 

Summary of drop outs related to AEs supplied by Glovia, Co. Ltd. 
PI: Yamaguchi, 2010-2014: AE listed by type and group (A or B), groups not identified 
(Table 3) 
 
Table 3. Yamaguchi, 2014-2017 AE data 

AE Reported Group A (n) Group B (n) 

Personal reason  2 4 

Symptom Progression  1 2 

Death 3 1 

Stroke 1 0 

Total AE reported 7 7 

 
All AEs reported related to drop out (no group assignment provided) 
Skin rash (n=4) 
Cholangitis (n=1) 
Constipation/frequent urination (n=1) 
Recurrent malignant tumor (n=1) 
Recurrent cerebral infarction (n=1) 
Dementia diagnosis (n=1) 
High blood pressure (n=1) 
Pituitary abnormality on MRI (n=1) 
Total reported n=11 
 
PI: Dr. Yoshida, 2015-2016 (Table 2) 
AEs related to drop out 
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Chronic rash (n=1) 
Diarrhea (n=1) 
 
In summary, there were 27 AEs that include 4 SAE reported from the 244 total 
participants across studies; mean dropout rate across studies was 11.2% (27/244). 
Data provided for a double-blind, placebo controlled study that evaluated Feru-guard in 
AD and Lewy body dementia (PI: Yamaguchi, 2010-2014) found no significant 
difference between groups A and B in AE or SAE. 
 
C.2. Feru-guard improves behavioral symptoms in frontotemporal dementia and 
Lewy body dementia in an open-label pilot study  
 
Kimura et al. Effect of ferulic acid and Angelica archangelica extract on behavioral and 
psychological symptoms of dementia in frontotemporal lobar degeneration and 
dementia with Lewy bodies [9].  
 
Twenty participants diagnosed with frontotemporal dementia (n=10) and Lewy body 
dementia (n=10) were given 3.0 grams/day of Feru-guard for 4 weeks. After four weeks, 
the total NPI score was used to evaluate baseline change of behavioral symptoms. The 
NPI reflects caregiver’s rating on 10 behavioral symptoms common in dementia 
(delusions, hallucinations, agitation/aggression, depression/dysphoria, anxiety, euphoria, 
apathy/indifference, disinhibition, irritability/lability, aberrant motor behavior), a higher 
score reflects a higher level of behavioral symptoms. Participants mean age was 81.6 
years (SD +5.90) and 16/20 (80%) were female. Mean baseline NPI score was 28.3 (SD 
+ 9.6) and 4-week mean NPI score showed a significant decrease to 17.7 (SD +9.7), p 
<0.001. This finding suggests that Feru-guard may improve BPSD in older adults with 
dementia.              
                                                                               
C.3. Summary of unpublished data evaluating Feru-guard for Behavioral 
symptoms in AD and Lewy body dementia in an open label pilot study. 
 
Kanaya K, et al. Effect of ferulic acid and Angelica archangelica extract on Behavioral 
and Psychological Symptoms of Dementia (BPSD) of Alzheimer’s Disease (AD) and 
Dementia with Lewy Body Disease. Poster presentation at the 27th International 
Conference of Alzheimer’s Disease International, London, 2012. 
 
Thirty two participants diagnosed with AD (n=18) and Lewy body dementia (n=14) were 
given 3.0 grams/day of Feru-guard for 8 weeks. After 8 weeks, the total NPI score was 
used to evaluate baseline change of behavioral symptoms. In addition, 22/32 
participants underwent SPECT imaging at baseline and 8-weeks to evaluate Feru-
guard’s effect on cerebral blood flow. Participants mean age was 80.6 years and 18/32 
(56.3%) were female. Mean baseline NPI score was 21.3 (SD + 20.9) and 8-week mean 
NPI score showed a decrease to 15.9 (SD +14.9). SPECT imaging showed a significant 
increase in blood flow in the cingulate gyrus, right frontal lobe, left parietal lobe and 
brain stem (pons); and significant decrease in blood flow in the left and right occipital 
lobe. These finding suggests that Feru-guard may improve BPSD in older adults with 
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AD and LB dementia, changes in cerebral blood flow after 8 weeks on Feru-guard are 
observed in specific areas of the brain. The authors conclude that the relationship 
between blood flow changes and improvements in behavioral symptoms warrant further 
investigation. 
 
C4. Summary of Preliminary data                                                                                                                                             
Preliminary data suggest that that Feru-guard supplementation is relatively well 
tolerated in older adults with MCI and dementia. Pilot open-label studies suggests that 
taken for 4-8 weeks, Feru-guard has the potential to improve BPSD as measured by 
NPI-Q. This study will be the first double-blind, placebo-controlled study to evaluate 
Feru-guard for BPSD in people with AD, vascular, and mixed dementia and is unique in 
that it will prescreen for BPSD (at least 3 items on NPI-Q) as part of study inclusion.  
 
D. STUDY DESIGN:                                                                                                                                                                   
D.1. Overall Study Design                                                                                                                               
This is designed as a randomized, double-blind, placebo-controlled clinical trial with a 
12 week intervention period. Seventy participants with a diagnosis of AD, vascular, and 
mixed dementia with at least 3 behavioral symptoms present from the Neuropsychiatric 
Inventory Questionnaires (NPI-Q) will be randomized to the Feru-guard (ferulic acid and 
Angelica archangelica) or placebo group. Participants will be screened first by a 
telephone interview or briefly in-clinic and then will be scheduled for an in-clinic screen 
to establish study eligibility prior to the baseline assessment visit. Clinical and biological 
outcome measures will occur at baseline and 12 weeks.  
 
D.2. STUDY POPULATION:                                                                                                                                                          
D.2.1. Number of Participants                                                                                                                                                 
A total of 70 participants 55 years and older will be enrolled, this accounts for a 10% 
drop out rate. To achieve an enrollment of 70 participants, accounting for a 25% screen 
fail rate, we anticipate needing to screen 95 participants. Due to the study population 
being demented, each participant must have a committed caregiver who is able to act 
as their study partner. The study partner will be asked to accompany the participant to 
each onsite visit and complete some questionnaires pertaining to the participant’s 
health.  
 
D.2.2. Inclusion and Exclusion Criteria                                                                                                                                                 
Inclusion 

 55 years old or older. 

 Diagnosis of AD, vascular, and mixed dementia 

 Neuropsychiatric Inventory Questionnaire (NPI-Q) at least 3 items out of 12 items 
are rated as “present.” 

 Use of cholinesterase inhibitors, antidepressants and or antipsychotics 
medications is allowed, if on stable dosage for at least 2 months. 

 Use of memantine and/or serotonin reuptake inhibitors is also allowed, if on 
stable dose for at least 2 months. 

 Have a committed caregiver who is able and willing to assist them with 
medications, provide study participant information, and attend all study visits.  
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 Sufficient English language skills to complete all testing. 

 MMSE score of 25 or lower. 
 
Exclusion 

 MMSE > 25 

 Participants who started using antipsychotics or anticholinergics within the 
previous 2 months.  

 Participants on blood thinners such as warfarin (Coumadin, jantoven), 
rivaroxaban (xarelto), fondaparinux (arixtra), dibigatran (pradaxa), apixaban 
(eliquis) dalteparin (fragmin), enoxaparin (lovenox). Aspirin use is allowed.  

 Participants without an identified caregiver.     

 Participants with delirium caused by medicinal poisoning or drug intoxication.  

 Participants who have had the following diseases before the onset of cognitive 
impairment: 

1. Alcoholism 
2. Manic depression or bipolar disorder 
3. Schizophrenia 

 Participants with malignancy or an acute inflammatory disease.  

 Participants with critical circulatory, respiratory, kidney, or liver disease or 
diabetes. 

 BMI of >30. 

 Participants who have taken Feru-guard, ferulic acid, or Angelica archangelica 
supplementation within the last year. 

 Enrollment in another clinical trial or treatment study within the previous 6 
months. 

 
D.2.3. Screen failure                                                                                                                                                
In the event of a screen failure, all data that has been collected for that participant will 
be stored identically to data of participants who pass screen and are enrolled into the 
study. Data handling procedures of participants who are enrolled can be found in 
Section F of this protocol.    
 
Screen Fail Procedure: Participants who are ineligible for study will be notified at in-
clinic screening visit and provided an explanation for their ineligibility. The total number 
of screen failures and justification will be documented.  
 
D.2.4. Vulnerable Populations                                                                                                                  
The current study will include participants who may be decisionally impaired adults. 
Dementia is a neurodegenerative disease, which is characterized in part by cognitive 
decline, so inclusion of decisionally impaired adults is necessary. To protect the rights 
and welfare of decisionally impaired adults in the study, when possible, informed 
consent will be obtained. Capacity to give informed consent will be ascertained via 
discussion and completion of the aid to capacity evaluation (ACE) between the 
participant, caregiver, and clinician. If it is determined that the participant is unable to 
give consent, their legally authorized representative (LAR) will be asked to give consent 
on behalf of the participant. In order to ensure the ongoing protection of the participant’s 
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rights, they will have a committed caregiver accompany them to each visit and assist in 
the adherence to study procedures, ACE delivered at each onsite visit, and assured that 
they may withdraw or decline a measure at any time.  
 
D.2.5. Inclusion of Women and Minorities                                                                                                                   
Including women and minorities in the study will be a priority. Due to the demography of 
the State of Oregon, we project that the majority of our participants will be “White,” and 
“White not Hispanic or Latino.” To maximize the inclusion of minorities, we will recruit 
from areas that have a high minority population (e.g. Northeast and Southeast Portland) 
within the Portland metropolitan area.  
 
2010 Oregon Census Data                                                                                                                                              
Gender: 50.5.% female, 49.5% male                                                                                                                                                                                                
Race: 83.6% White, 1.8% Black or African American, 1.4% American Indian and Alaska 
Native, 3.7% Asian, 0.3% Native Hawaiian and Other Pacific Islander                                                                                                                                                                                        
Ethnicity: 11.7% Hispanic or Latino, 88.3% Not Hispanic or Latino  
 
2010 Portland Metropolitan area Census Data                                                                                                         
Gender: 50.5.% female, 49.5% male                                                                                                                                                                                                                                                                                                                                                                               
Race: 76.1% White, 6.3% Black or African American, 1.0% American Indian and Alaska 
Native, 7.1% Asian, 0.5% Native Hawaiian and Other Pacific Islander                                                                                                                                                                                     
Ethnicity: 9.4% Hispanic or Latino, 90.6% Not Hispanic or Latino   
 
D.3. Setting                                                                                                                                                           
Recruitment will be done through the Layton Aging & Alzheimer’s Disease Center and 
Portland VA geriatric clinics. All other data collection and study procedures will be 
completed at Oregon Health & Science University (OHSU) in the Oregon Clinical & 
Translational Research Institute (OCTRI).  
 
Oregon Clinical and Translational Research Center (OCTRI): The OCTRI Clinical 
and Translational Research Center at OHSU is a dedicated research space for clinical 
studies at OHSU, and is equipped and flexibly staffed to support a broad range of 
protocols. OCTRI’s pool of study coordinators, including dedicated pediatric RN/study 
coordinators, are available to perform study visits not only in OCTRI’s units, but also off-
site. These staff provide services throughout the life of a protocol, including study set-
up, participant recruitment, clinical activities and data collection. Nursing staff are 
available at all OCTRI units to provide a full range of specialized procedures, such as 
phlebotomy, intravenous access, study drug administration, intensive blood drawing, 
and pharmacokinetic monitoring. 
 
D.3.1. Recruitment Settings    
OHSU’s Layton Aging & Alzheimer’s Disease Center: A multidisciplinary clinic 
offering comprehensive care to patients with Alzheimer's disease and related disorders. 
The clinic at Oregon Health & Science University is staffed by four neurologists, two 
neuropsychologists, nurses, and a psychiatrist experienced in providing both initial 
evaluations and second opinions, as well as offering ongoing care for individuals and 
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families affected by dementia. Opportunities for patients and families to participate in 
treatment trials for Alzheimer's disease, research on genetics, cognitive function, and 
family caregiving are offered through this clinic. The clinic is located at the Center for 
Health and Healing at the OHSU Medical Center and consists of 12 examination rooms, 
plus clinical support space. The Layton Aging & Alzheimer’s Disease Center maintains 
direct contact for its ongoing longitudinal aging studies in over 50 aging centers, and 
retirement communities. 
 

OHSU VA: Collaborative Dementia Care at the VA Portland Health Care Systems 
includes four geriatric neurologists, two geriatric medicine specialists and three geriatric 
psychiatrists. Patients are seen in five outpatient clinics during the week. Patients come 
from Veterans Administration clinics throughout Oregon and Southern Washington. In 
addition to clinic care, we provide Telehealth consultative dementia care with sites 
throughout Oregon and Washington. Physicians in our program have academic 
teaching and research appointments at OHSU. 
 

D.4. Recruitment Methods                                                                                                                         
Prior to recruitment, the joint VAPORHCS-OHSU IRB will approve this study for human 
study. After receiving IRB approval, potential study participants will be found through 
database searches, and clinic referral for an estimated 6 month long enrollment period. 
Recruitment will be primarily focused on the Portland metropolitan area, though 
participants from outside the area will be enrolled if they are able to travel to OHSU. A 
blinded scan of the OHSU clinical database can identify potential participants that have 
visited OHSU in the last year that will meet the study’s inclusion/exclusion criteria. 
Individuals identified through medical record scans will be sent an IRB approved letter 
describing their potential eligibility for the study. We will also utilize NeuroNext database 
of people that have consented to be contacted about clinical trial opportunities at 
OHSU. In addition, patients from the OHSU VA and NIA-Layton Aging & Alzheimer’s 
Disease Center clinics who are potentially eligible for the study will be referred for 
screening. VA Portland Health Care System Neurology Dementia, geriatrics clinics, 
geriatric psychiatry clinic and Layton Aging & Alzheimer’s Disease Center have over 20 
patients per week with dementia diagnosis. We expect that we could obtain at least 5 
participants per week on average who meet our inclusion criteria and consent to this 
study (20 participants per month). The last participant is expected to be enrolled at the 
end of 6 months from the start of the recruitment, which allows the last recruited 
participant to finish the trial within 1 year.  
 

Study Timeline: 
 Year 1 Year 2 

Month 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 

IRB Approval                

Study Enrollment                

Blinded 
Treatment 
Intervention 

               

Data Analysis                
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D.5. Compensation                                                                                                                                                          
To compensate for cost of travel, time, and effort, each participant will receive $20 per 
onsite visit at OHSU. We believe a $20 compensation per visit is justified because travel 
to OHSU to complete visits will not present an undue burden for participants as they will 
be recruited from Portland VA and OHSU clinics. Travel to our study visits will require 
the participants to do more travel then they would for a standard trip for clinical care. 
The time commitment for participants per each onsite visit will not exceed 3hr. The effort 
required for onsite visits will consist of answering questions, a blood draw, and a 
physical/neurological examination. Our compensation is comparable to studies that 
require the same level of time commitment and effort on the part of the participant. $20 
per onsite visit for a total possible compensation of $60 does not present a coercive 
influence for participation. The payments are prorated so there is no pressure for the 
participant to move through the study in order to receive a better payment.    
Payments will be made through a ClinCard debit card, which will be assigned to them 
unless they have one registered to them from a previous study.  
 
D.6. Consent Process                                                                                                                                                         
After potential participants have been identified through typical clinical contact, or 
response to recruitment letters, we will have a phone pre-screen. This will be done to 
prevent placing an undue burden on potential participants who may not be eligible to 
participate in the research by having them come in for an in-person visit to sign a 
consent form. We are requesting a waiver of HIPAA Authorization for the purpose of 
pre-screening potential participants. For participants referred from the VA, we will 
request a waiver of documentation of consent for the phone pre-screening portion of our 
study. We have limited our pre-screening questions to a list of things that would prohibit 
individuals from being in the study. The slight risk of breach of confidentiality in the 
phone screening is minimized by appropriate privacy protections specified in the 
protocol. We are using a consent script containing all required elements of consent 
except for the signature lines so we do not believe the waiver will adversely affect the 
rights and welfare of participants.  
 
After a potential participant has passed the phone screening and has agreed to come in 
for an onsite screening visit, they will be mailed a copy of the IRB approved consent and 
HIPAA form so that they have a chance to review before the in clinic visit and be fully 
informed of all aspects of their participation in the study. At the in-clinic screening visit, a 
trained study coordinator will review the consent form with the participant and study 
partner and answer any questions they may have. After all questions regarding the 
study have been addressed, both the participant and their study partner will sign. 
The capacity of potential participants to give consent will be assessed at the in-clinic 
screening. If the participant is determined unable to give informed consent, then a 
legally authorized representative (LAR) will need to give consent on behalf of the 
participant. We will identify appropriate LARs as stated in POLICY HRP-021. This policy 
details that a LAR is (in order or priority) a health care representative, legally authorized 
by a valid advance directive or health care power of attorney; court appointed guardian; 
spouse or registered domestic partner; adult child; either parent; adult sibling; adult 
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designated by others on list, if no one on the list objects; other adult relative or friend 
who has an established relationship with the potential participant. 
 
D.6.1. Adults Unable to Consent/Decisionally Impaired                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
All participants will have a diagnosis of dementia, which is a progressive neurological 
condition. To ensure participant safety and ethical treatment, the signing of the consent 
form will follow guidelines from sections of the Code of Federal Regulation regarding 
protocols that involve decisionally impaired adults. Whenever possible, consent will be 
obtained from the participant. At every in-clinic visit the capacity to give informed 
consent will be ascertained via discussion and completion of the aid to capacity 
evaluation (ACE) between the participant, caregiver, and clinician. The ACE will 
address the capacity of the participant to give informed consent by asking potential 
participants and their study partners to describe key points in the consent:  purpose of 
study, knowledge of placebo control group, length of study, risks of participation, 
alternatives to participation, and procedures to follow if he/she experiences discomfort 
or wishes to withdraw. 
 
Participants who can answer these questions after going over the consent form and as 
determined by the clinician and study partner will sign the consent form along with their 
LAR.  
 
Study assessments will only be started after the participant and study partner (LAR) 
have signed the consent form. Although unlikely, due to the nature of dementia’s 
progression, if a participant previously unable to consent regains the capacity, they will 
be consented at whatever point they are in the study.     
 
E. PROCEDURES:                                                                                                                                                                       
E.1. VA vs OHSU activities/research                                                                          
E.1.1. VA activities/research                                                                                    
A proportion of recruitment will take place at Portland VA geriatric clinics. Potential 
participants who are identified through typical clinical contact by their physician will be 
given a study flyer (approved by the joint IRB) with the study’s details and contact 
information. The clinician will ask if the potential participant if they would like to be 
contacted by study staff. 
 
No study data will be collected at the Portland VA clinic. 
 
E.1.2. OHSU activities/research                                                                                      
All study data will be collected onsite at OHSU or over the phone by a research 
coordinator at OHSU, on OHSU time.    
 
Both principal investigators, Dr. Sarah Goodlin and Dr. Lynne Shinto, have 
appointments at OHSU, and will participate in data collection. 
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E.2. Study Visits 
Pre-Screen (phone): This visit will last approximately 0.5 hour.                                             
Prior to the first screening visit, potential participants will be identified through routine 
clinical contact by clinicians or through OHSU data searches of potential participants. 
Potential participants will have a diagnosis of dementia and will be prescreened in-clinic 
or by a telephone interview to rule out medical exclusions, regular use of anti-psychotic 
medication, and any difficulties with participation (e.g. cannot travel to one of the study 
sites, does not have a study partner). The clinical trial coordinator or research assistant 
experienced in AD clinical trials will perform the phone or in-clinic pre-screens using the 
IRB approved script. If the potential participant passes the pre-screen evaluation, they 
will be scheduled for an in-clinic screening visit (Visit 1) and will be mailed a copy of the 
consent form to review before the in-clinic visit. 
 
Screening Visit (Visit 1): This visit will last approximately 2 hours.                                                                                                                                           
The visit takes place at OHSU, OCTRI. Participants will attend this visit with their study 
partner (LAR), and they will bring any medications that they are currently taking.  
The visit will start with a trained research coordinator going over the consent form and 
participant rights with participant and their study partner, and answer any questions they 
have. After going through the consent form, the participant, study partner (who is also 
the LAR), and the study clinician will go through the ACE to determine the capacity to 
give consent. If the participant is determined to be unable to give consent, then the LAR 
will give consent on behalf of the participant. Both the participant and the study partner 
will sign a consent form if they agree to participate in the study. The study partner’s 
signature is necessary because he/she will be answering questions as part of the study 
procedures.  
 
Demographic information and general medical history, including mental health history, 
family history and history of allergies will be obtained. Participants will have a general 
physical and neurological exam, including vital measures (for example, weight and 
blood pressure).    
 
To determine eligibility for participation, the Neuropsychiatric Inventory Questionnaires 
(NPI-Q) will be administered, with at least 3 items out of 12 being rated as “present” for 
inclusion. The NPI-Q is also the primary outcome measure and this will serve as a 
baseline measure of the participant's BSPD. Additionally, the Mini Mental State Exam 
(MMSE) will be administered to determine eligibility, with inclusion score of 25 or below. 
The MMSE will only be used to screen in potential participants.          
 
Randomization will occur after this visit by OHSU Research Pharmacy. The participant 
will be scheduled for Visit 2 within 14 days. 
 
Baseline (Visit 2): This visit will last approximately 1.5 hour.                                                                                                                                                            
This visit will be scheduled within 14 days of the screening visit at OHSU and take place 
at OHSU, OCTRI. Participants that have met all study inclusion/exclusion criteria will be 
assigned a study number. Since this visit will be performed close to the screening visit, 
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medical history, NPI-Q, and the physical and neurological examination from the 
screening visit will be used as “baseline” outcomes and will not be repeated at this visit. 
 
A fasting blood draw will be performed for safety labs and will include: complete blood 
count, comprehensive metabolic panel, fasting lipid levels (cholesterol, triglycerides, 
HDL, LDL), prothrombin time (PT/INR), and for Apo E genotyping. About two 
tablespoons of blood will be collected. Food/light meal will be provided following the 
fasting blood draw and after all fasted blood draws throughout the study. 
In order to establish baseline measures of cognitive function, the Clinical Dementia 
Rating (CDR) and Montreal Cognitive Assessment (MoCA) will be administered. SF-12 
will be filled out by the study partner to establish baseline for general sense of health 
and ability to perform daily tasks. Because cereals are a source of ferulic acid, we will 
administer the Dietary Screener Questionnaire (DSQ) to establish a baseline for cereals 
in the participant's diet. In order to provide an additional measure of caregiver burden, 
the Zarit Burden Interview (ZBI) screening version will be administered.  
 
Any recent changes in medications (prescribed, over-the-counter medications, 
nutritional supplements, herbals) and any recent changes in diet will be recorded at this 
visit. Adverse events will be collected at baseline for comparison throughout the study. 
The study coordinator will dispense a 12-week supply of medication and give both 
verbal and written instructions on medication dosing.  
 
Week 6 (Visit 3 - Phone): This visit will last approximately 0.5 hour.                                                                                                                                          
This visit will take place over the phone, six weeks after the baseline visit. The study 
coordinator will record adverse events and any recent changes in medications 
(prescribed, over-the-counter medications, nutritional supplements, herbals) and any 
recent changes in diet. Study supplement compliance will be assessed for by asking the 
participant how many capsules they take a day and have they stopped taking the 
capsules for longer than 24 hours. If possible, the coordinator will schedule the week 12 
visit with the participant.   
 
Week 12 (Visit 4): This visit will last approximately 2.5 hours                                                                                                                                         
This visit will take place at OHSU, OCTRI, six weeks after the week 6 visit. Participants 
will have a general physical and neurological exam, including vital measures (for 
example, weight and blood pressure). A fasting blood draw will be performed for safety 
labs and will include: complete blood count, comprehensive metabolic panel, fasting 
lipid levels (cholesterol, triglycerides, HDL, LDL), prothrombin time (PT/INR). About two 
tablespoons of blood will be collected. 
 
The NPI-Q, MoCA, CDR, ZBI, DSQ and SF-12 will be administered at this visit. In order 
to reduce the possibility or learning effects, a different version of the MoCa will be used 
at Visit 4. The study coordinator or research assistant will check compliance by capsule 
count and ask about any adverse events. Any recent changes in medications 
(prescribed, over-the-counter medications, nutritional supplements, herbals) and any 
recent changes in diet will be recorded. Participants, study partners, study investigators, 
and one of the principal investigators will fill out a “blindness evaluation” at this visit.   
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Visit schedule 
The following chart summarizes the activities that will occur over the course of this 
study: 
 
Table 4. Visit schedule 

Visit Number Pre-
screen 
Phone 

Visit 1 
Screen 

Visit 2 
Baseline 

Visit 3 
Week 6-
Phone 

Visit 4 
Week 12 

Demographics X     

Concomitant medications X X X X X 

Consent  X    

Aid to Capacity Evaluation 
(ACE) 

 X X  X 

Medical History  X    

Vitals  X X  X 

Physical / Neurological 
exam 

 X   X 

Neuropsychiatric 
Inventory Questionnaire 
(NPI-Q) 

 X   X 

Mini Mental State 
Examination (MMSE) 

 X    

Montreal Cognitive 
Assessment (MoCA) 

  X  X 

Clinical Dementia Rating 
(CDR) 

  X  X 

Caregiver Quality of life 
(SF-12) 

  X  X 

Dietary Screener 
Questionnaire (DSQ) 

  X  X 

Zarit Burden Interview 
(ZBI) screening version 

  X  X 

Apo E genotyping   X   

Plasma Lipid levels   X  X 

Metabolic panel   X  X 

PT/INR   X  X 

Complete blood count   X  X 

Record adverse events   X X X 

Dispense medication   X   

Capsule count     X 

Blinding evaluation     X 

 
E.3. Participant Withdrawal                                                                                                                                 
If a participant decides to completely withdrawal from the study, any data collected will 
be stored identically to data of participants who complete the study and will be 
participant to the same data safety and confidentiality procedures (see Section F). They 
will be compensated for the visits they completed before deciding to withdraw. 
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Participants will be allowed to withdraw from taking the study supplement, and continue 
in the study completing non-interventional procedures.  
 E.4. Study Drug                                                                                                                                                   
This study will comply with all applicable Research Pharmacy policies and procedures 
and provide the Research Pharmacy with a manual for the study. One study capsule will 
be taken at breakfast and one at lunch. The study supplement will contain one of the 
following: 
 
1.       280 mg hard capsule containing 180.32 mg ferulic acid and 20.02 mg of 
 Angelica archangelica.    
2.  280 mg hard capsule containing 268.8mg maltodextrin and 8.40 mg calcium 

stearate.    
 
Group 1 – Active                                                                                                  
Two 280 mg hard capsules per day (1 capsule am, 1 capsule pm).  One capsule will be 
taken in the morning with a meal and one capsule will be taken in the afternoon with a 
meal. 
 
Total daily dose of study supplement: 360.64 mg of ferulic acid and 40.04 mg of 
Angelica archangelica. 
 
Group 2 – Placebo                                                                                                                                             
Two 280 mg hard capsule per day (1 capsule am, 1 capsule pm). One capsule will be 
taken in the morning with a meal and one capsule will be taken in the afternoon with a 
meal. For full list of ingredients see Table 5 below: 
 
Table 5. Placebo composition per 280 mg capsule 

Ingredients mg % 

Maltodextrin 268.8 96. 

Calcium Stearate 8.4 3.0 

Food Flavor (Vanilla) 2.80 1.0 

Total 280.0 100 

 
E.5. Blinding                                                                                                                                  
This is a double-blind, placebo-controlled study. The placebos will be matched to the 
active supplement in both sensory and physical characteristics. The participants, study 
investigators, research associates, and study coordinators will have no knowledge of 
study assignment. Data analysis will be performed blinded to treatment status. The 
OHSU Research Pharmacy will be responsible for establishing a randomization scheme 
for newly enrolled participants. Additionally, the Research Pharmacy will ensure blinding 
of all study medications. We will also evaluate the effectiveness of our blinding by giving 
study evaluators, participants, study partners, and investigators a short questionnaire 
asking about knowledge of group assignment. The randomization code will be broken 
only after data analysis or if there are numerous serious adverse events before the end 
of the study. 
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E.6. Compliance                                                                                                                                   
Compliance will be measured informally by a phone check week 6 (i.e., asking how 
participant is doing taking the supplement). If the participant is not taking the 
supplement in the appropriate dosage or stopped taking the capsules for longer than 24 
hours, the coordinator will speak with the participant about finding ways to increase 
compliance. Official compliance will be measured in-clinic at Visit 4 via packet count. A 
participant will be considered compliant if they are >80%. 
 
E.7. Description of Assessments and Procedures                                                                                                       
E.7.1. Cognitive, Functional, Behavioral Assessments                                                                                                                                                             
 
Neuropsychiatric Inventory Questionnaire (NPI-Q)                                                                                                                                                          
The NPI-Q [46] is a structured interview with a caregiver or qualified study partner 

(defined as having direct contact > 2 days/week) that evaluates both presence and 

severity of 12 neuropsychiatric features which include: delusions, hallucinations, 

dysphoria, anxiety, agitation/aggression, euphoria, disinhibition, irritability, lability, 

apathy, aberrant motor behavior, night-time behavior, and appetite/ eating changes [47]. 

If the response to the domain question is "No", the informant goes to the next question. 

If "Yes", the informant then rates both the Severity of the symptoms present within the 

last month on a 3-point scale ranging from 1 to 3 (mild to severe). Change in overall 

NPI-Q score between baseline and at 12 weeks will be the primary outcome measure. A 

modification of the original NPI is the addition of a Caregiver Distress Scale for 

evaluating the psychological impact of neuropsychiatric symptoms reported to be 

present. For each feature the caregiver distress score ranges from 1-5 (No distress to 

extreme distress). The caregiver distress subscale score is the sum of the distress 

scores for each of the 12 features. Change in overall NPI-Q subscale of caregiver 

distress score which is the between baseline and at 12 weeks will be a secondary 

outcome measure.                                              

                            

Clinical Dementia Rating (CDR)                                                                                                                                                        

The CDR [48] measures dementia severity and is a global rating of dementia with 

scores ranging from 0 to 3 (0, 0.5, 1, 2, and 3) rated by a semi-structured participant 

and informant interview [49]. A trained rater synthesizes information of cognitive 

performance and functional abilities based on 6 domains which include memory, 

orientation, judgment and problem solving, community affairs, home and hobbies, and 

personal care. The scale has good inter-rater agreement [49].  

 
Montreal Cognitive Assessment (MoCA) 
A rapid screening instrument for assessing different cognitive domains [50]. Subjects 
are asked to do the following tasks: 1.) Join 10 randomly displayed numbers and letters 
in an alternating and sequential fashion. 2.) To measure visuoconstructional skills, 
accurately copy two drawings, a cube and a clock. 3.) Provide the names of three 
animals represented by drawings. 4.) Remember a list of 5 words. This is repeated 2 
times. After a delay, subjects again recall as many words as possible. 5.) To measure 
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attention: repeat a five number sequence forward, and a separate three number 
sequence backwards, signal when a certain letter is read in a spoken sequence of 
varying letters, and count backwards from 100 by subtracting seven. 6.) Name as many 
words that start with the letter “F” in sixty seconds. 7.) Explain what pairs of words have 
in common, such as “Tell me how an orange and a banana are alike.” 8.) To provide 
orientation, provide date, place, and city.  
 
Mini Mental State Examination (MMSE)                                                                                                                                                        
The MMSE is among the most widely used screening instruments for cognitive 
impairment indicative of dementia [51]. This 30 point scale is helpful for comparing 
across diverse studies, as it has become a common way of communicating severity of 
dementia among clinicians. Participants must have MMSE score < 25 to meet inclusion 
criteria, indicating a mild to moderate dementia severity.   
SF-12                                                                                                                                                                           
The 12-Item Short Form Health Survey (SF-12) is a 12-item validated shortened version 
of the SF-36 and was designed to provide a health-related quality of life (HRQL) 
measure that was quick and easy to administer in large population studies. The SF-12 
contains a subset of the 12 items from the SF-36 and information from this subset of 
questions is used to construct a physical and mental component summary score (PCS 
and MCS, respectively). [52, 53] 
 
Zarit Burden Interview (ZBI) screening version                                                                  

The Zarit Burden Interview (ZBI) Screening Version is a popular caregiver self-report 

measure used by many aging agencies, and originated as a 29-item questionnaire. The 

revised screening version contains 4 items and has been validated. Each item on the 

interview is a statement, which the caregiver is asked to endorse using a 4-point scale. 

Response options range from 0 (Never) to 4 (Nearly Always). Change in overall ZBI 

score between baseline and at 12 weeks will be a secondary outcome measure. 

Dietary Screener Questionnaire (DSQ)                                                                                                                                  
The DSQ is a short 26 item questionnaire which asks about the frequency of 
consumption in the past month of selected foods and drinks. It captures intakes of fruits 
and vegetables, dairy/calcium, added sugars, whole grains/fiber, red meat, and 
processed meat. The DSQ can be administered by an interviewer, self-administered, or 
via the web. [56] 
 
E.7.2. Other Evaluations                                                                                                                                               
Serum Lipid Levels                                                                                                                                                  
Increased serum lipids levels (cholesterol, LDL) have been implicated as a risk factor for 
AD [57, 58]. Cholesterol in particular has been implicated in amyloid beta formation [58]. 
Serum cholesterol, triglyceride, LDL, and HDL will be measured in the Lipid laboratory 
at OHSU.  Associations between serum lipid levels and clinical outcomes will be 
evaluated. Participants will be asked to fast the night before (10 hours). Measures will 
be taken at baseline and at 12 weeks. 
 



Page 20 of 27 
 

Apolipoprotein E (Apo E)                                                                                                                       
Apo E genotype epsilon 4 allele will be collected due to its varied role in Alzheimer’s 
disease and dementia [59]. The relationship between Apo E and the active ingredients 
of Feru-guard (ferulic acid and Angelica archangelica) remain unexamined and is 
worthy of investigation. Apo E genotyping will be performed in the Lipid laboratory at 
OCTRI using the protocol of Hixson and Vernier [60].  Blood draw for Apo E genotyping 
will occur only at Visit 2 (Baseline). 
 
Safety labs                                                                                                                                                      
We will include a comprehensive metabolic panel (BUN, creatinine, sodium, potassium, 
bicarbonate, chloride, calcium, phosphorus, total bilirubin, direct bilirubin, alkaline 
phosphatase, SGOT, SGPT, GGT, LDH CPK, total protein, albumin, globulin, and 
glucose), complete blood count and prothrombin time (PT/INR). All three laboratory 
measures will be assessed at baseline, and 12 weeks. 
 

Physical Exam                                                                                                                                                                       
A complete physical exam will be performed by a medically qualified professional at 
screening and 12 week visits.  A review of all major body systems will be performed.  
Vital signs (height, weight, blood pressure, pulse, temperature, and respiration) will also 
be performed at these visits. 
 
Neurological Exam                                                                                                                                                             
A neurological exam will be performed by a medically qualified professional and will 
include assessment of cranial nerves, strength coordination, reflexes, sensation, and 
gait at screening and 12 week visits. 
 
F. DATA AND SPECIMENS:                                                                                                                                                                                          
F.1. Handling of Data and specimens                                                                                                         
Upon enrollment, each participant will be assigned a unique identification number by a 
study coordinator. This number will be used on all of the data collected for that 
participant, with no personal identifiers on the same source of data. All physical data 
including questionnaires, exam sheets, and lab reports will be placed in in a participant 
specific binder and stored in a locked room only accessible to study staff at OHSU in 
the Hatfield Research Center. The binder with all physical data will be stored in the 
locked room under the supervision of study staff until it is sent to the Iron Mountain 
storage facility for archiving once the study is completed.  
 
F.2. Sharing of results with Participants                                                                                             
Research test results will only be shared with the participant, study partner, or the 
participant’s primary care provider if the information is important to their health care. 
The determination of when to disclose incidental findings will be made by the 
investigators, or determined necessary by the DSMB. The lab where blood samples will 
be sent for analysis is CLIA certified.       
 
F.3. Data and Specimen Banking                                                                                           
Data collected through questionnaires, lipid analysis, Apo E, and safety labs (CBC, 
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PT/INR, and CMP) will be stored to be used only for future analysis by Glovia, Co. Ltd., 
or the study PIs, Dr. Shinto and Dr. Goodlin.  
 
G. DATA ANALYSIS:                                                                                                                                                           
G.1. Statistical Analysis 
Aim 1: Determine if Feru-guard can improve BPSD in people with dementia.  
This aim tests the hypothesis that Feru-guard supplementation over 12-weeks will 
improve common behavioral symptoms as measured by NPI-Q in people with dementia. 
Statistical analyses will be performed by OHSU.  
 
Aim 2: Measure the effect Feru-guard supplementation has on caregiver burden 
and quality of life, and global cognition in participants.                                                                                                                              
This aim is exploratory and will be used to collect data on the study drug’s effect on 
caregiver burden (NPI-Q subscale of caregiver distress), quality of life (SF-12 for 
caregiver) and Zarit Burden Interview (ZBI) screening version over 12 weeks. We will 
also collect data on changes in global cognition of participants over 12 weeks using the 
Montreal Cognitive Assessment (MoCA). Statistical analysis will be performed by 
OHSU. 
 
G.2. Analytic approach                                                                                                      
To compare the primary aim of total NPI-Q measure between the Feru-guard and 
placebo, we will use the mixed model approach to longitudinal data. This method allows 
for correlation between repeated observations on each participant and provides valid 
inference in the presence of missing data as long as the data is missing at random 
(MAR). Sensitivity analysis will be conducted, if warranted, to examine the impact of 
various assumptions regarding the reasons that parts of the data are missing. Our focus 
will be on the comparison of the 12 week changes from baseline to assess whether 
there is greater overall improvement in Feru-guard group compared to placebo.  
Descriptive information regarding the 12 week change for both groups and the 
differences in change between the groups will be obtained along with 95% confidence 
intervals. We will also examine the full profiles over the 12 week time period. In doing 
so, we will determine whether polynomial models, as opposed to unstructured models, 
provide a reasonable fit to the data. Given evidence of interaction between time and 
treatment--i.e. that the changes over time are different between the treatment groups--
we will then use our fitted models to make follow-up comparisons between groups at 
individual time-points. In constructing our models, we will adjust for potential 
confounders such as dementia type, Apo E4 genotype, gender, and age.  Subsequent 
analyses will incorporate compliance information. The same analysis will be used for 
outcomes in Aim 2, MoCA, SF-12, and caregiver burden (NPI). 
 
G.3. Sample size estimation 
The sample-size calculation was based on a previous open-label study published by 
Kimura et al. [9]. Since this study is an open-label study, estimated mean difference 
assumes that the placebo group will not have a change over 12-weeks and we are 
predicting that treatment will have a lowered NPI score, this effect size provides a 
reasonable estimate for contrasts between groups for the current study.  For individual 
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contrasts between Feru-guard and placebo we will have a power with sample sizes of n 
= 32 in each group, and total n = 70 participants to detect a 7 point difference between 
placebo and Feru-guard, this sample size accounts for 10% participant drop out over 
12-weeks.  
 
Table 6.  Sample sizes needed to detect differences in change in behavioral symptoms measured by NPI 
(total score) between groups with 80 % power using a significance level of 0.05.  

Group 
comparisons 

Estimated mean 
differences on 
NPI total score 

Estimated 
standard deviation 
of change from 
baseline 

Sample size needed 
for each group to 
detect a difference 
with 80% power and 
0.05 significance 

Placebo vs. Feru-
guard 

10.0 9.7 15 

Placebo vs Feru-
guard 

7.0 9.7 31 

Placebo vs Feru-
guard 

6.0 9.7 42 

G.4. Randomization                                                                                        
Participants will be randomly assigned to study drug or placebo according to a 
randomization scheme developed by the Research Pharmacy at OHSU. The study 
participants, study investigators, research associates, and study coordinators will have 
no knowledge of study assignment.  
 
G.5. Quality Control                                                                                                                                         
The principal investigator will oversee the management of the participants, intervention, 
and analysis, which will be carried out by the clinical investigators, research statistician, 
and research assistant. Data entry, quality control and preparation, and participant 
management will be ongoing throughout the study. 
 
The quality of data collection will be ensured by having all study staff up-to date on all 
data collection procedures, with a process of cross checking accuracy of data before 
and after entry into an online database. Quality of the study supplement will be checked 
and ensured by the Research Pharmacy at OHSU.   
 
H. PRIVACY, CONFIDENTIALITY, AND DATA SECURITY:                                                                                                           
H.1. Privacy and Confidentiality                                                                                                                  
All research records linked with personal information will be coded with a unique 
identification number; therefore will contain no personal identifiers. All records with 
identifying information and linked with identifying information will be physically locked or 
password protected so that only authorized study staff will have access to them.        
                                                  
H.2. Data Security                                                                                                                                                
All physical data collected about participants will be locked so that only authorized study 
staff will have access. Data will be kept in locked cabinets separate from identifiers. 
Computer files will be password protected. No one other than the researchers will have 
access to identifiable data. All research staff with access to data will have gone through 
a background check and completed all relevant trainings on data safety and HIPAA 
compliance through OHSU.    
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I. MONITORING PLAN:                                                                                                                                                    
I.1. DSMB                                                                                                               
The study will be monitored by the Data Safety and Monitoring Board (DSMB) of the 
Oregon Center of Complementary and Alternative Medicine in Neurological Disorders 
(ORCCAMIND) once a year to ensure participant safety. If a participant reports serious 
side effects related to the study medication and information on group assignment is 
believed to be necessary for the participant’s safety and well-being, the blind will be 
broken for that participant. The randomization code will otherwise be broken only after 
data analysis or if there are numerous reports of serious adverse events before the end 
of the study. The DSMB has been and will continue to be compliant with NIH Policy for 
Data and Safety Monitoring. 
 
I.2. Adverse Events                              
Adverse events (AEs) will be monitored at visits 2-4 as a part of the clinic visits and by 
phone. Although assessment of adverse events will also include solicitation of non-
specific change (e.g., "Do you feel different since beginning the treatment?"), a 12 item 
adverse events checklist covering all major organ systems will be included to probe for 
adverse events. The nature of each AE, its severity (mild, moderate, or severe), its likely 
relationship to study treatment (definite, probable, possible, not related, or unknown), its 
duration and any necessary treatment modifications or adjustments will be recorded. In 
addition to recording of AEs, labs to assess basic metabolic function (including liver 
function tests), plasma lipid levels, a complete blood count, and prothrombin time 
(PT/INR) will be performed at visit 2 and 4. Participants will be reminded and 
encouraged during clinic visits and phone checks to contact the study coordinator or a 
study investigator as soon as a moderate or serious adverse event should occur.          
                                       
J. RISKS AND BENEFITS                                                                                                                                                               
J.1. Potential Risks                                                                                                                                                        
Venipuncture: The risks are minimal and may include some pain, bleeding and transient 
hematomas. 
 
Questionnaires: The risk from filling out questionnaires is minimal; there may be mild 
anxiety from filling out questionnaires. 
 
Feru-guard: At a daily dose of 360.64 mg ferulic acid and 40.02mg Angelica 
archangelica per day, the risks are minimal. In previous studies, skin rash and 
gastrointestinal side effects (constipation, diarrhea) are included as potential side 
effects. Due to unknown interactions with pharmaceutical medications, we will exclude 
participants on blood thinning medications (e.g. warfarin) to mitigate risk.   
 
Placebo: The placebo consists of maltodextrin, which is a common starch-based food 
additive. Possible side effects include allergic reactions, unexplained weight gain, 
bloating, and flatulence.   
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J.2. Study Limitations                                                                                                                                       
We are not excluding over-the-counter medications (e.g. NSAIDS) and supplements 
(e.g. ginkgo, vitamin E). Excluding these types of OTCs may severely hinder 
recruitment. We will collect information on all prescription, OTC, and nutritional 
supplementation in participants, which will enable us to analyze association of 
medication use and outcomes. Our power analysis is limited to data from a published 
open-label study so estimates needed to be made on the placebo group. This study is a 
pilot with the intent of using the data collected to more definitively power a larger clinical 
trial.                  
                   
J.3. Potential Benefits                                                                                                                           
Ferulic acid is a potent antioxidant which combats the oxidative stress/toxicity present in 
a wide range of chronic diseases such as diabetes, cancer, cardiovascular disease, 
aging of skin, arthritis, neurodegenerative diseases, and chronic inflammation. Though 
beyond the scope of the current study, it is possible the antioxidant properties of ferulic 
acid may benefit a participant that has a chronic disease with an oxidative stress/toxicity 
component, during their 12 weeks on the study supplement.     
 
J.4. Importance of Knowledge to be gained                                                                                                                       
This study will test if the combination of ferulic acid and Angelica archangelica can 
improve or prevent further decline in the behavioral and psychological symptoms of 
demented older people. Currently, treatments designed to improve BPSD center around 
anti-psychotic medication, with recent growing interest in non-pharmacological 
therapies. It is an important public health issue to scientifically evaluate the potential 
benefits of a non-pharmacological therapy for BPSD.                 
                             
K. CITATIONS 
 

1. Hersch EC, Falzgraf S. Management of the behavioral and psychological symptoms of dementia. 
Clin Interv Aging. 2007;2:611–21. 

2. Oliveira, A. M. D., Radanovic, M., Mello, P. C. H. D., Buchain, P. C., Vizzotto, A. D. B., Celestino, 
D. L., ... & Forlenza, O. V. (2015). Nonpharmacological interventions to reduce behavioral and 
psychological symptoms of dementia: a systematic review. BioMed research international, 2015. 

3. Dorey JM, Beauchet O, Thomas Anterion C, Rouch I, Krolak-Salmon P, Gaucher J, et al. 
Behavioral and psychological symptoms of dementia and bipolar spectrum disorders: review of 
the evidence of a relationship and treatment implications. CNS Spectr. 2008;13:796–803. 

4. Adams BE, Tunis SL, Edell WS. Assessing antipsychotic effectiveness in dementia with the factor 
structure of the Psychogeriatric Dependency Rating Scale (PGDRS) J Am Med Dir Assoc. 
2003;4:61–6.  

5. Herrmann N. Recommendations for the management of behavioral and psychological symptoms 
of dementia. Can J Neurol Sci. 2001;28:S96–107.  

6. Kar N. Behavioural and Psychological Symptoms of Dementia. In: Kar N, Jolley D, Misra N, 
editors. Handbook of Dementia. Hyderabad: Paras Medical Publisher; 2005. pp. 54–74. 

7. Wynn ZJ, Cummmings JL. Cholinesterase inhibitors therapies and neuropsychiatric 
manifestations of Alzheimer’s disease. Dement Geriatr Cogn Disord. 2004;17:100–8.  

8. Mori, T., Koyama, N., Guillot-Sestier, M. V., Tan, J., & Town, T. (2013). Ferulic acid is a 
nutraceutical β-secretase modulator that improves behavioral impairment and alzheimer-like 
pathology in transgenic mice. PLoS One, 8(2), e55774. 

9. Kimura, T., Hayashida, H., Murata, M., & Takamatsu, J. (2011). Effect of ferulic acid and Angelica 
archangelica extract on behavioral and psychological symptoms of dementia in frontotemporal 



Page 25 of 27 
 

lobar degeneration and dementia with Lewy bodies. Geriatrics & gerontology international, 11(3), 
309-314. 

10. Lin, S. Y., & Lewis, F. M. (2015). Dementia friendly, dementia capable, and dementia positive: 
concepts to prepare for the future. The Gerontologist, 55(2), 237-244. 

11. Lyketsos, C. G., Lopez, O., Jones, B., Fitzpatrick, A. L., Breitner, J., & DeKosky, S. (2002). 
Prevalence of neuropsychiatric symptoms in dementia and mild cognitive impairment: results 
from the cardiovascular health study. Jama, 288(12), 1475-1483. 

12. Kales, H. C., Kim, H. M., Zivin, K., Valenstein, M., Seyfried, L. S., Chiang, C., ... & Blow, F. C. 
(2012). Risk of mortality among individual antipsychotics in patients with dementia. American 
Journal of Psychiatry, 169(1), 71-79. 

13. Haupt, M., Kurz, A., & Jänner, M. (2000). A 2-year follow-up of behavioural and psychological 
symptoms in Alzheimer’s disease. Dementia and geriatric cognitive disorders, 11(3), 147-152. 

14. Wang, F., Feng, T. Y., Yang, S., Preter, M., Zhou, J. N., & Wang, X. P. (2016). Drug therapy for 
behavioral and psychological symptoms of dementia. Current neuropharmacology, 14(4), 307-
313. 

15. Prince, M., Bryce, R., Albanese, E., Wimo, A., Ribeiro, W., & Ferri, C. P. (2013). The global 
prevalence of dementia: a systematic review and metaanalysis. Alzheimer's & Dementia, 9(1), 
63-75. 

16. Nielsen, R. E., Lolk, A., Rodrigo-Domingo, M., Valentin, J. B., & Andersen, K. (2017). 
Antipsychotic  treatment effects on cardiovascular, cancer, infection, and intentional self-harm 
as cause of death in patients with Alzheimer's dementia. European Psychiatry, 42, 14-23. 

17. Wang, P. S., Schneeweiss, S., Avorn, J., Fischer, M. A., Mogun, H., Solomon, D. H., & Brookhart, 
M. A. (2005). Risk of death in elderly users of conventional vs. atypical antipsychotic medications. 
New England Journal of Medicine, 353(22), 2335-2341. 

18. Trifirò, G., Verhamme, K., Ziere, G., Caputi, A. P., Ch Stricker, B. H., & Sturkenboom, M. C. 

(2007). All‐cause mortality associated with atypical and typical antipsychotics in demented 
outpatients. Pharmacoepidemiology and drug safety, 16(5), 538-544. 

19. Sosulski, F., Krygier, K., & Hogge, L. (1982). Free, esterified, and insoluble-bound phenolic acids. 
3. Composition of phenolic acids in cereal and potato flours. Journal of Agricultural and Food 
Chemistry, 30(2), 337-340. 

20. Lempereur, I., Rouau, X., & Abecassis, J. (1997). Arabinoxylan and ferulic acid variation in durum 
wheat (Triticum durum Desf.) grain and distribution in mill streams. J. Cereal Sci, 25, 103-110. 

21. Kikuzaki, H., Hisamoto, M., Hirose, K., Akiyama, K., & Taniguchi, H. (2002). Antioxidant 
properties of ferulic acid and its related compounds. Journal of Agricultural and Food Chemistry, 
50(7), 2161-2168. 

22. Kanski, J., Aksenova, M., Stoyanova, A., & Butterfield, D. A. (2002). Ferulic acid antioxidant 
protection against hydroxyl and peroxyl radical oxidation in synaptosomal and neuronal cell 
culture systems in vitro: structure-activity studies. The Journal of nutritional biochemistry, 13(5), 
273-281. 

23. Sgarbossa, A., Giacomazza, D., & Di Carlo, M. (2015). Ferulic acid: a hope for Alzheimer’s 
disease therapy from plants. Nutrients, 7(7), 5764-5782. 

24. Srinivasan, M., Sudheer, A. R., & Menon, V. P. (2007). Ferulic acid: therapeutic potential through 
its antioxidant property. Journal of clinical biochemistry and nutrition, 40(2), 92-100.  

25. Ou L, Kong L, Zhang X, Niwa M: Oxidation of ferulic acid by momordica charantia peroxidase and 
related anti-inflammation activity changes. Biological & Pharmacy Bulletin 2003; 26(11): 1511–
1516. 

26. He, X. X., Yang, X. H., Ou, R. Y., Ouyang, Y., Wang, S. N., Chen, Z. W., ... & Pi, R. B. (2017). 
Synthesis and evaluation of multifunctional ferulic and caffeic acid dimers for Alzheimer’s 
disease. Natural product research, 31(6), 734-737. 

27. Singh, J. C. H., Kakalij, R. M., Kshirsagar, R. P., Kumar, B. H., Komakula, S. S. B., & Diwan, P. 
V. (2015). Cognitive effects of vanillic acid against streptozotocin-induced neurodegeneration in 
mice. Pharmaceutical biology, 53(5), 630-636.  

28. Jacobson, E. A., Newmark, H., Baptista, J., & Bruce, W. R. (1983). A preliminary investigation of 
the metabolism of dietary phenolics in humans [Urinary metabolites of caffeic and ferulic acid]. 
Nutrition Reports International.  



Page 26 of 27 
 

29. Sadigh-Eteghad, S., Sabermarouf, B., Majdi, A., Talebi, M., Farhoudi, M., & Mahmoudi, J. (2015). 
Amyloid-beta: a crucial factor in Alzheimer's disease. Medical principles and practice, 24(1), 1-10. 

30. Tan, R. H., Kril, J. J., Yang, Y., Tom, N., Hodges, J. R., Villemagne, V. L., ... & Halliday, G. M. 
(2017). Assessment of amyloid β in pathologically confirmed frontotemporal dementia 
syndromes. Alzheimer's & Dementia: Diagnosis, Assessment & Disease Monitoring, 9, 10-20. 

31. Šimić, G., Babić Leko, M., Wray, S., Harrington, C., Delalle, I., Jovanov-Milošević, N., ... & 
Wischik, C. (2016). Tau protein hyperphosphorylation and aggregation in Alzheimer’s disease 
and other tauopathies, and possible neuroprotective strategies. Biomolecules, 6(1), 6. 

32. Porat, Y., Abramowitz, A., & Gazit, E. (2006). Inhibition of amyloid fibril formation by polyphenols: 
structural similarity and aromatic interactions as a common inhibition mechanism. Chemical 
biology & drug design, 67(1), 27-37. 

33. Ono, K., Hirohata, M., & Yamada, M. (2005). Ferulic acid destabilizes preformed β-amyloid fibrils 
in vitro. Biochemical and biophysical research communications, 336(2), 444-449. 

34. Sul, D., Kim, H. S., Lee, D., Joo, S. S., Hwang, K. W., & Park, S. Y. (2009). Protective effect of 
caffeic acid against beta-amyloid-induced neurotoxicity by the inhibition of calcium influx and tau 
phosphorylation. Life sciences, 84(9-10), 257-262. 

35. Ou, S., & Kwok, K. C. (2004). Ferulic acid: pharmaceutical functions, preparation and applications 
in foods. Journal of the Science of Food and Agriculture, 84(11), 1261-1269. 

36. Bartus, R. T., Dean, R. 3., Beer, B., & Lippa, A. S. (1982). The cholinergic hypothesis of geriatric 
memory dysfunction. Science, 217(4558), 408-414. 

37. Bartolini M, Bertucci C, Cavrini V, Andrisano V. Beta-amyloid aggregation induced by human 
acetylcholinesterase: inhibition studies. Biochem Pharmacol 2003;65:407–16. 

38. Alvarez A, Opazo C, Alarcon R, Garrido J, Inestrosa NC. Acetylcholinesterase promotes the 
aggregation of amyloid-betaEur J Nucl Med Mol Imaging peptide fragments by forming a complex 
with the growing fibrils. J Mol Biol 1997;272:348–61. 

39. Bao, F., Wicklund, L., Lacor, P. N., Klein, W. L., Nordberg, A., & Marutle, A. (2012). Different β-
amyloid oligomer assemblies in Alzheimer brains correlate with age of disease onset and 
impaired cholinergic activity. Neurobiology of aging, 33(4), 825-e1. 

40. Wszelaki, N., Paradowska, K., Jamróz, M. K., Granica, S., & Kiss, A. K. (2011). Bioactivity-guided 
fractionation for the butyrylcholinesterase inhibitory activity of furanocoumarins from Angelica 
archangelica L. roots and fruits. Journal of agricultural and food chemistry, 59(17), 9186-9193. 

41. Sigurdsson, S., & Gudbjarnason, S. (2013). Effect of oral imperatorin on memory in mice. 
Biochemical and biophysical research communications, 441(2), 318-320. 

42. Budzynska, B., Boguszewska-Czubara, A., Kruk-Slomka, M., Skalicka-Wozniak, K., Michalak, A., 
Musik, I., ... & Glowniak, K. (2013). Effects of imperatorin on nicotine-induced anxiety-and 
memory-related responses and oxidative stress in mice. Physiology & behavior, 122, 46-55. 

43. Sigurdsson S. et al. (2013) A parallel, randomized, double-blind, placebo-controlled study to 
investigate the effect of SagaPro on nocturia in men. Scan J Urol, 47(1): 26-32. 

44. Kanaya, K. (2010). Effects of ferulic acid and Angelica archangelica extract (Feruguard) in 
patients with Alzheimer's disease. Alzheimer's & Dementia: The Journal of the Alzheimer's 
Association, 6(4), S548. 

45. Kimura, T. (2014). A Pilot Study of Tretment with Ferulic Acid and Angelica archangelica Extract 
for Cognitive Impairment. Journal of New Remedies & Clinics, 63(11), 1848-1855. 

46. Cummings JL, Mega M, Gray K, et al. The Neuropsychiatric Inventory: comprehensive 
assessment of psychopathology in dementia. Neurology 1994; 44:2308-14. 

47. Kaufer, D. I., Cummings, J. L., Ketchel, P., Smith, V., MacMillan, A., Shelley, T., ... & DeKosky, S. 
T. (2000). Validation of the NPI-Q, a brief clinical form of the Neuropsychiatric Inventory. The 
Journal of neuropsychiatry and clinical neurosciences, 12(2), 233-239. 

48. Morris, J. C. (1993). The Clinical Dementia Rating (CDR): current version and scoring rules. 
Neurology. 

49. Salthouse TA. What do adult age differences in the Digit Symbol Substitution Test reflect? J 
Gerontol 1992;47:P121-128. 

50. Smith, T., Gildeh, N., & Holmes, C. (2007). The Montreal Cognitive Assessment: validity and 
utility in a memory clinic setting. The Canadian Journal of Psychiatry, 52(5), 329-332. 

51. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the 
cognitive state of patients for the clinician. J Psychiatr Res 1975;12:189-198. 



Page 27 of 27 
 

52. Ware J, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and 
preliminary tests of reliability and validity. Med Care 1996; 34: 220-233. 

53. Gandek B1, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, Bullinger M, Kaasa S, 
Leplege A, Prieto L, Sullivan MCross-validation of item selection and scoring for the SF-12 Health 
Survey in nine countries: results from the IQOLA Project. International Quality of Life 
Assessment. J Clin Epidemiol. 1998 Nov;51(11):1171-8 

54. Zarit, S. H., Reever, K. E., Back-Peterson, J. (1980). Relatives of the impaired elderly: correlates 
of feelings of burden. The Gerontologist, 20, 649-655. 

55. Bédard, M., Molloy, D. W., Squire, L., Dubois, S., Lever, J. A., & O'Donnell, M. (2001). The Zarit 
Burden Interview: a new short version and screening version. The gerontologist, 41(5), 652-657. 

56. National Cancer Institute (NCI). Dietary Screener Questionnaire (DSQ) 
website:<http://riskfactor.cancer.gov/studies/nhanes/dietscreen/questionnaires.html>. Accessed 6 
February 2012. 

57. Kivipelto, M., Helkala, E. L., Laakso, M. P., Hänninen, T., Hallikainen, M., Alhainen, K., ... & 
Soininen, H. (2002). Apolipoprotein E ϵ4 allele, elevated midlife total cholesterol level, and high 
midlife systolic blood pressure are independent risk factors for late-life Alzheimer disease. Annals 
of internal medicine, 137(3), 149-155. 

58. Tan, Z. S., Seshadri, S., Beiser, A., Wilson, P. W., Kiel, D. P., Tocco, M., ... & Wolf, P. A. (2003). 
Plasma total cholesterol level as a risk factor for Alzheimer disease: the Framingham Study. 
Archives of Internal Medicine, 163(9), 1053-1057. 

59. Wood, W. G., Eckert, G. P., Igbavboa, U., & Müller, W. E. (2003). Amyloid beta-protein 
interactions with membranes and cholesterol: causes or casualties of Alzheimer's disease. 
Biochimica et Biophysica Acta (BBA)-Biomembranes, 1610(2), 281-290. 

60. Hixson, J. E., & Vernier, D. T. (1990). Restriction isotyping of human apolipoprotein E by gene 
amplification and cleavage with HhaI. Journal of lipid research, 31(3), 545-548. 

 


